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Anthelmintics for Nematode Parasites of Fish: II. Aqueous 
Anthelmintic Bath Treatments using Diethyl 2-Chlorovinyl 
Phosphate and 2,2 Dichlorovinyl Dimethyl Phosphate 
for Control of Sterliadochona pedispicula in 
Salmo gairdnerii 
A. R. MAGGENTI 
Department of Nematology, University of California, Davis, California 95616 
ABSTRACT: The toxicity of diethyl 2-chlorovinyl phosphate (SD1836) and 2,2 dichlorovinyl dimethyl 
phosphate (DDVP) was tested as an "in-water" treatment of rainbow trout and in vitro against the 
internal nematode parasite of fish, Sterliadochona peclispicula. As an "in-water" anthelmintic treat-
ment SD1836 was 100% effective at concentrations of 25 fL liters/liter for 24 hr and 5 fL liters/liter 
for 72 hI'; no toxic effects to rainbow trout were noted with these treatments. 
The increasing importance of £ish culture 
for purposes of food and recreation demands 
that more research be directed to the treat-
ment of nematode parasitized fish. Most com-
monly efforts are directed toward those hel-
minths potentially dangerous to man. The 
Russians recognize nematodes as serious para-
sites of fish which can cause severe economic 
losses and have made efforts to control them 
(Maggenti, 1972). This present report inves-
tigates the efficacy of a wide-spectrum anthel-
mintic and an analog applied in water against 
Maggenti in Proceedings of the Helminthological Society of Washington (1973) 40. 
Copyright 1973, Helminthological Society of Washington. Used by permission.
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the widely distributed internal nematode para-
site, Sterliadochona pedispicula Maggenti and 
Paxman, 1971, in rainbow trout, Salma 
gairdnerii Richardson, of California. 
Materials and Methods 
The rainbow trout infected with S. pedi-
spicula used in these experiments were col-
lected from Jawbone Creek, Tuolumne County, 
California. Trout were collected in the early 
fall ( October) when water temperature was 
40 F and intensity of infection in trout over 
4 inches averaged 44 nematodes per fish. 
Trout were collected with electric shocking 
equipment. 
Uninfected hatchery trout, for anthelmintic 
toxicity studies, were obtained from the Amer-
ican River Hatchery of the California Depart-
ment of Fish and Game, Sacramento, California. 
Experimentation was divided into three 
phases: ( 1) toxicity of test chemicals to the 
nematodes; (2) toxicity to uninfected fish; 
and (3) anthelmintic efficacy as in-water 
treatments. Two anthelmintics were tested: 
a wide-spectrum anthelmintic (Hass, 1971), 
2,2 dichlorovinyl dimethyl phosphate (DDVP, 
Vapona, dichlorvos), emulsifiable concen-
trate 2#/ gallon formulation and diethyl 2-
chlorovinyl phosphate (SD1836), technical 
consisting of a mixture of components: a 62%, 
f3 28%, and y 10% (Gatterdam et a1., 1959). 
Concentrations all refer to active ingredient. 
IN VITRO ANTHELMINTIC TOXICITY TO S. 
PEDISPICULA: Nematodes used in this investi-
gation were dissected from infected wild rain-
bow trout and held in Ringer's Solution A for 
cold-blooded animals and maintained at two 
temperatures, 40 and 58 F. All anthelmintic 
concentrations were made with Ringer's Solu-
tion A. At 40 and 58 F, respectively, 10 nema-
todes were placed in petri dishes in six concen-
trations each of DDVP and SD1836 (Table 1). 
Solutions were changed at each observation 
period. At both temperatures 10 control ani-
mals were maintained in Ringer's Solution A. 
Observations were maintained for 96 h1'. 
TOXICITY TO UNINFECTED TROUT: All chemi-
cal toxicity tests of uninfected hatchery trout 
were carried out at 58 F, the hatchery rearing 
temperature. Treatments were carried out in 
10-gallon temperature-controlled aerated milk 
cans. Each treatment was replicated with four 
fish. Control fish were maintained under the 
same conditions as treated fish. Anthelmintic 
concentrations were made with 10 liters of well 
water: pH 7.6, conductivity 0.90 mil1imhos/ 
cm. Four concentrations of DDVP and two 
concentrations of SD 1836 were tested (Table 
2). Observations were made for a 48-hr period. 
ANTHELMINTIC EFFICACY: Three concentra-
tions of SD 1836 in 20 liters of well water were 
tested at 58 F for anthelmintic activity with 
wild infested trout (Table 3). Treatment and 
control solutions were changed daily; 'evacu-
ated nematodes were collected and counted. 
Surviving fish were transfelTed after treatment 
to 100-gallon temperature-controlled filtered 
tanks and maintained for 4 weeks of obser-
vation. The fish were then sacrificed and 
necropsied in Ringer's Solution A. 
In each treatment trout were identified by 
lateroventral tattooing with freezing markers. 
Results 
The in vitro experiments run at 40 F showed 
that S. pedispicula was very susceptible to 
DDVP at a concentration of 50 p. liters/liter 
and exposure time of 12 hI' (Table 1). At the 
concentration of 25 p. liters/liter one-half of 
the test nematodes were killed with a 12-h1' 
exposure and all were dead after an exposure 
time of 36 hr. Complete kill was not obtained 
with 96 hI' of exposure with any of the lower 
concentrations used. The table reports the 
data up to 48 hI' because no change was noted 
after this period of time. 
In no instance was complete kill obtained 
with any of the concentrations of SD1836 
tested. Reductions on the order of one-half 
were obtained with 50p. liters/liter at 24 hr, 
25 p. liters/liter at 36 hI', and 5 p. liters/liter, 
1 p. liters/liter, and 0.5 p. liters/liter at 48 hI' 
(Table 1). 
The second in vitro experiment (Table 1) 
was conducted at 58 F in order to test possible 
higher activity with increased temperature. 
Because of the generally poor results obtained 
with the in vitro studies with SD1836, higher 
concentrations were also included. Not un-
expectedly the activity of DDVP did increase 
with increased temperature. Complete kill was 
obtained with 50 p. liters/liter, 25p. liters/liter, 
and 5 p.liters/liter at 12, 24, and 36 hr, respec-
tively (Table 1). Below these concentrations 
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Table 1. In vitro survival of Sterliadochona pedispicula exposed to 2,2 dichlorovinyl dimethyl phot"phate 
(DDVP) and diethyl 2-chlorovinyl phosphate (SDI836). 
Numbers of nematodes surviving 
Raie 40 F 58 F 
.aI/I 
Treatment a.i. 12 hr 24 hr 36 hr 48hr 12 hr 24 hr 36 hr 48 hr 
Control 10 10 
DDVP 50 I 0 
DDVP 2,5 5 2 ])DVP 5 5 5 
DDVP 1 10 4 ])DVP 0.5 10 6 ])DVP 0.25 10 6 
SD1836 100 
SDl836 75 
SD1836 50 8 4 
SDl836 25 9 7 
SDl836 5 10 9 
S])1836 1 10 10 
SD1836 0.5 10 10 
SD1836 0.25 10 10 
kill was on the order of one-half but did not 
change with longer exposure. Higher activity 
with SD1836 appeared to be more related to 
higher concentration rather than higher tem-
perature (Table 1). Complete kill was obtained 
only with a 24-hr exposure to a concentration of 
J 00 ft liters/liter. A comparison of toxicity at a 
concentration of 50 ft liters/liter does show in-
creased activity with temperature in that one-
half of the nematodes were dead in 12 hr at 
58 F; at the same concentration at 40 F the 
same level of kill took 24 hr. A similar rela-
tionship exists for the other concentrations 
tested (Table 1). 
The results of the in vitro tests determined 
the concentrations that were used to test fish 
toxicity. Because of its higher activity four 
concentrations of DDVP were selected and 
two concentrations of SD 1836 (the highest 
concentration which showed best in vitro re-
sults with nematodes and the lowest concen-
tration that had shown reasonable activity). 
10 10 10 10 10 10 
0 0 0 0 0 0 
0 0 2 0 0 0 
3 3 5 5 1 0 
3 3 5 5 5 3 
6 6 5 5 3 3 
5 4 7 5 5 4 
2 0 0 0 
4 4 2 2 
1 1 4 4 3 3 
3 2 4 2 2 1 
9 5 8 7 7 5 
8 6 8 7 5 5 
8 5 
9 8 
DDVP at the concentrations tested was ex-
tremely toxic to rain bow trout (Table 2). Test 
fish did not live 1 hr at 50 ft liters/liter and 
survived only a little more than 12 hr at 0.25 
ft liters/liter. It was surprising to find the 
toxicity of SD1836 so much lower than DDVP. 
At the 100-ft liters/liter concentration of 
SD1836 all test rainbow trout survived longer 
(17 hr) than they did in O.25ft liters/liter of 
DDVP (12 hr). 
Because of the extreme toxicity to fish and 
the high levels indicative of nematicidal activ-
ity, investigation of DDVP was not included 
in an investigation of nematode evacuation by 
fish without nematicidal action. An exposure 
of 22 hr to the 100-ft liters/liter concentration 
of SD1836 was lethal (Table 3). However, 
three fish were alive at 21 hr. During this 
pmiod as confirmed by necropsy all nematodes 
were passed. At the 25-ft liters/liter treatment 
one fish survived the 36-hr exposure. This fish 
was removed to an untreated tank where it 
Table 2. Survival of uninfested rainbow trout exposed to 2,2 dichlorovinyl dimethyl phosphate (DDVP) 
and diethyl 2-chlorovinyl phosphate (SDI836) in-water at 58 F. Four fish in each treatment. 
Fish 
Rate Fish survival hours 
.111/1 Avg length Avg weight 
Treatment a.i. (mm) (g) 1 2.5 5 12 17 24 36 48 
Control 146 34.9 4 4 4 4 4 4 4 4 
DDVP 50 142 32.2 0 
DDVP 5 144 33.5 4 3 0 
DOVP 1 145 34.2 4 4 0 
DDVP 0.25 141 31.5 4 4 4 4 0 
SD1836 100 138 29.5 4 4 4 4 4 0 
S01836 25 143 32.8 4 4 4 4 4 4 3 1 
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Table 3. In-water anthelmintic efficacy of diethyl 2-chlorovinyl phosphate (SD1836) against Sterliadochonu 
pedispicula in infested wild rainbow trout at 58 F. Four fish in each treatment. 
Fish 
Rate Nematode recovery 
.aliI Avg length Avg weight Exposure Fish Necropsy 
Treatment a.i. (mm) (g) hours survival 24 hr 48 hI 72 hr 144 hr 4 weeks 
Control 136.5 29.1 
SDl836 100 146.7 36.8 
SD1836 25 133.7 27.6 
SD1836 25 143.7 33.3 
SD18.36 5 123.5 21.1 
" Examined immediately after death. 
was maintained for 4 weeks without any signs 
of deleterious effects due to the treatment. In 
the 25-fJ- liters/liter treatment with exposure 
reduced to 24 hr and at the 5-fJ- liters/liter 
treatment with a 72-hr exposure all trout sur-
vived and were maintained for 4 weeks with 
no deleterious effects from the treatments. 
When these fish were sacrificed for necropsy 
the anthelmintic treatments were found to be 
100% effective. Regardless of survival all 
treatments were 100% effective for evacuation 
of S. pedispicula from the intestinal tract. 
Because of the greater safety factor the 5-fJ-
liters/liter treatment appears most promising. 
Discussion 
The in vitro studies for nematicidal activity 
contributed little to the establishment of pa-
rameters of chemical concentrations to be 
tested for anthelmintic activity. The most 
efficacious anthelmintic treatments were at 
concentrations far below concentrations re-
quired for nematicidal activity. For example, 
DDVP is approximately 100 times more toxic 
to immersed rainbow trout than it is to nema-
todes tested in vitro under the same conditions 
of temperature, concentration, and exposure 
period. A similar comparison with SD1836 
indicates that the toxicological reaction of 
trout and nematodes is very similar; however, 
anthelmintic activity was well below the levels 
toxic to trout or the nematode. Anthelmintic 
efficacy, in these experiments, was measured 
by nematode release and passage rather than 
kill. No difference in anthelmintic activity 
was noted for different ages or stages of 
nematodes. 
Because of the extreme toxicity of DDVP 
only SD 1836 was tested as an in-water anthel-
22 
36 
24 
72 
4 61 
0 30 0* 
1 51 5 0" 
4 24 13 4 1 0 
4 2 25 9 2 0 
min tic treatment of naturally infested wild 
trout. The results obtained with these in-water 
anthelmintic treatments are unlike those ob-
tained with plastic-incorporated anthelmintic 
pellets (Maggenti, 1972). In the latter the 
administration of DDVP pellets directly into 
the gullet produced no direct toxic effects or 
indirect secondary effects over the range of 
rates tested. In addition, DDVP had a good 
anthelmintic potential over the range tested. 
In-water treatments, as opposed to direct 
pellet treatments, provide the researcher with 
an opportunity to test anthelmintic efficacy 
with large populations of fish. Since these 
treatments can be accurately monitored they 
provide specific information as to the amount 
of chemical used and exact time of fish ex-
posure. This study also indicates that a great 
latitude in size of fish treated is possible since 
anthelmintic activity is well below fish toxicity 
levels. The smallest fish in these tests was 
11. 7 cm and the largest 22 cm; no differences 
were noted in anthelmintic efficacy with size. 
The primary concern in a study of nema-
todes as parasites of fish must be directed to 
the effects upon the fish. These parasites 
should not be ignored because they rarely 
utilize humans as alternate or definitive hosts. 
The expanding culture of fish in the United 
States, not just for recreational purposes but 
as a source of food, requires that a thorough 
understanding of all helminths and diseases 
be encouraged. Among the least appreciated 
parasites of fish are the nematodes. Treat-
ments such as described here point to the 
feasibility of controlling at least the intestinal 
nematodes of freshwater fish. The use of ant-
helmintics to control nematodes of fish would 
act to prevent the introduction of dangerous 
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parasites into hatcheries, lakes, and streams. 
That nematodes can severely debilitate fish 
and cause serious damage to their tissues and 
organs is well documented by Dogiel et a1. 
(1958). In addition, the use of anthelmintics 
would prevent the contamination of eggs with 
the eggs of the nematode at the time of 
spawning. That contamination of eggs in the 
spawning nest can occur is documented by the 
work of Platzer (1967). 
The release of nematodes prior to the time 
of spawning would serve to aid the fish during 
a time of stress. This may be especially true 
with steelhead trout which often must be 
maintained in holding ponds for prolonged 
periods of time prior to egg and sperm matu-
ration. During this time when the fish are not 
being fed it would be far better for the fish to 
utilize its stored energies to support itself 
rather than to have these stores drained by 
parasites at the expense of gonadal maturation 
and fish survival. 
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